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(57)Abstract: 

PROBLEM TO BE SOLVED: To make accurate a device for detecting the change in a series 
resonance point caused by the adhesion of a small amount of mass to a quartz resonator of a 
weight sensor, a chemical sensor, an immunity sensor, a viscosity sensor, a coating thickness 
meter, or the like, and to obtain a method for calibrating the detection device accurately. 
SOLUTION: By using the quartz resonator having an extremely higher fundamental frequency 
than a conventional one, and the harmonics of the quarts resonator, detection accuracy is 
improved to detect an extremely small amount of mass. At the same time, by detecting the 
change in the series resonance point by an impedance analyzer, the change in the resonance 
point to the addition of mass can be measured strictly. Also, by using the plasma polymerization 
method to the quartz resonator for coating a plasma polymerization film for a specific amount of 
time, the mass of the coated plasma polymerization film is detected, and the addition of a 
specific amount of mass to the quartz resonator is compared with a detection mass, the 
detection device can be calibrated strictly, and hence obtaining a more accurate detection 
device. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] Detection equipment of the super-minute amount mass which used the high-frequency quartz 
resonator characterized by measuring change of the resonance point to the mass which detected change of 
the series resonance point of the fundamental frequency of this quartz resonator, and the number of high 
order seiches using the impedance analyzer, and was added to the quartz resonator using the harmonic 
overtone of a quartz resonator with high fundamental frequency, and this quartz resonator. 
[Claim 2] The proofreading approach of the detection equipment of super-minute amount mass of having 
used the high-frequency quartz resonator characterized by proofreading by detecting the mass of the 
plasma polymerization film covered by carrying out predetermined time covering of the plasma 
polymerization film to a quartz resonator, and measuring mass addition and detection mass of the 
specified quantity to said quartz resonator. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the detection equipment and its proofreading approach 
of the super-minute amount mass which used the high-frequency quartz resonator which enabled it to 
proofread correctly the detection equipment of such super-minute amount mass while being able to detect 
said super-minute amount mass by super-high sensitivity especially about the equipment which detects 
the matter mass of a super-minute amount using a high-frequency quartz resonator, and its proofreading 
approach. 
[0002] 

[Description of the Prior Art] In recent years, the quartz resonator has been used for many devices, such 
as a clock and a measuring instrument, as a stable oscillation component, moreover, various kinds of 
measurement, such as a gas sensor which employed the property as an ultramicro balance efficiently in 
the field of chemistry measurement, an immune sensor, a viscosity sensor, a biosensor, and a thickness 
gage, ** business -- ******** . 

[0003] The Xtal flake used for a quartz resonator attaches a thin film electrode in the both sides, and has 
the property to return if distortion is produced according to the piezo-electric effect and it removes by 
applying an electrical potential difference. From this property, a quartz resonator is oscillated on the 
oscillation frequency of the proper decided by thickness. That is, if the matter adsorbs on the electrode of 
a quartz resonator, thickness will change and an oscillation frequency will change. 

[0004] Although this oscillation frequency change deltaf is in change and proportionality of the thickness 
of Xtal, if change of thickness is transposed to mass change deltam, the degree type called the formula of 
SABURE will be drawn. 



[Equation l] 

VPq At, 
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fo(es) are the fundamental frequency of a quartz resonator, and the area of the part to which rhoq and 
muq are carrying out the piezo-electric response of the consistency of Xtal, an elastic modulus, and the A 
here. 

[0005] Since mass change deltam is proportional to the square of fo from relation with oscillation 



frequency change deltaf, for enlarging mass sensibility, its use of the big quartz resonator of fo is 
desirable. However, since the Xtal flake will become thin and will tend to break if the fundamental 
frequency fo of a quartz resonator is not much large, a 510MHz quartz resonator is usually used. In the 
thing of fundamental frequency, 30MHz of the conventional quartz resonator was max because of the 
problem on processing. Although the maximum frequency of the quartz resonator used in the solution 
until now is 30MHz, it has not resulted in mass measurement exceeding the limit of detection of a 
general-purpose quartz resonator (refer to "method of newest dissociating and refining / detecting" P441, 
N tea S publication, and May 26, 1997 issue). 

[0006] In recent years, the environmental pollution by dioxin, environmental hormone, etc. is made into 
the serious social problem, and the technique which measures quantitatively the chemical of super-**** 
which made the mass of fg (ten to 15 g) applicable to detection from pg (ten to 12 g) is needed for 
environmental monitoring for planning environmental preservation. The oscillation frequency of the 
quartz resonator used for measurement is raised, and it cannot but stop thus, corresponding to high 
sensitivity-ization as super-high sensitivity is required. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the conventional thing, since it was extremely low 
compared with the sensibility currently asked for the mass sensibility with 1 ng/Hz, environmental 
monitoring by the quartz resonator, such as dioxin and environmental hormone, was theoretically 
difficult. 

[0008] Therefore, this invention aims at offering the proofreading approach which can proofread correctly 
the detection equipment of such super-minute amount mass for the purpose of offering the detection 
equipment of the super-minute amount mass which can measure super-minute amount mass very 
correctly using a high-frequency quartz resonator. 
[0009] 

[Means for Solving the Problem] Using the harmonic overtone of a quartz resonator with high 
fundamental frequency, and this quartz resonator, invention which relates to claim 1 in order that this 
invention may solve the above-mentioned technical problem detects change of the series resonance point 
of the fundamental frequency of this quartz resonator, and the number of high order seiches using an 
impedance analyzer, and is taken as the detection equipment of the super-minute amount mass which 
used the high-frequency quartz resonator according to claim 1 characterized by to measure change of the 
resonance point to the mass added to the quartz resonator. 

[0010] Moreover, invention concerning claim 2 detects the mass of the plasma polymerization film covered 
by the quartz resonator by carrying out predetermined time covering of the plasma polymerization film, 
and is taken as the proofreading approach of the detection equipment of super-minute amount mass of 
having used the high-frequency quartz resonator characterized by proofreading by measuring mass 
addition and detection mass of the specified quantity of said quartz resonator. 

[0011] 50MHz (surface mount mold: SMD) and 155MHz (surface -mount mold: SMD) per each piece 
[ every ] were used for the evaluation approach of the mass sensibility of the quartz resonator of this 
invention for 50MHz (n= l) of quartz resonators of an AT cut, an AT cut with fundamental frequency 
higher than the 9MHz quartz resonator of golden electrodes, and a golden electrode, 100MHz (n= 3), and 
100MHz (n= 5) every three pieces each. Since the electrode surface of each quartz resonator may have the 
affix of the saved environmental origin, it performed the spatter by the helium plasma in the cleaning on 



glow discharge conditions (discharge outpufrlOOW and helium pressure: lOOPa) using plasma 
polymerization equipment, and performed surface treatment to it. 

[0012] In this invention, impedance measurement equipment as shown in drawing 1 is used, using a 
resonance characteristic measuring device conventionally well-known for measuring change of the series 
resonance point of a quartz resonator. As compared with a network analyzer, a spectrum analyzer, and a 
tracking generator, the accuracy of measurement of an impedance analyzer is especially high, and it is 
the optimal model for measuring the strict resonance characteristic. The fundamental wave of each 
quartz resonator which performed the spatter using the impedance analyzer shown in drawing 1 , Each 
harmonic -overtone mode of a 3 time wave, a 5 time wave, a 7 time wave, a 9 time wave, and a 11 time 
wave (however, a wave, 50MHz (SMD), and 155MHz (SMD) 9 times 50MHz (n= l)) measurement to a 3 
time wave - it is — the series resonance point of zero phase in the impedance characteristic which can be 
set was measured, the value of each component in the equal circuit of a quartz resonator was computed 
from the value acquired by resonance characteristic measurement, simulation of a phase and the 
resonance point was performed, and the wave was printed by the printer. The value of each component of 
an equal circuit was inputted into the personal computer, and analysis about the electrical equivalent 
circuit of a quartz resonator was performed. It considered as the radix point of change of the resonance 
characteristic by future measurement, having used as plasma polymerization 0 minute measured value of 
the quartz resonator which performed surface treatment by this plasma spatter. 

[0013] Styrene film attachment for 1 minute was performed to these quartz resonators on conditions 
(100W and lOOPa) after the impedance measurement termination after a plasma spatter, and change of 
the series resonance point for every overtone of each quartz resonator to styrene film weight was 
measured using the impedance analyzer (till 5 minutes, film attachment for every 5 minutes was 
performed about every minute and it or below, and film attachment of a total of 120 minutes was 
performed). If a plasma polymerization is carried out, especially the raw material monomer made to 
adhere on Xtal is not restricted to styrene, but a polymerization film formation rate is fixed and 
proportional to plasma polymerization time amount, it is also possible to use what kind of raw material. 
For example, use of methane, ethane, ethylene, acetylene, tetrachloroethylene, a propylene, allyl alcohol, 
allylamine, an acrolein, methacrolein, an acrylic acid, pen TAFURUO styrene, etc. is possible. What is 
necessary is not to restrict plasma polymerization conditions to 100W and especially lOOPa, either, and 
just to use the polymerization conditions suitable for a raw material monomer. 
[0014] 

[Example] Next, an example explains this invention to a detail further. In addition, these examples are 
for understanding this invention, and do not limit this invention at all. 

[0015] Film attachment of 0 - 120 minutes was performed to the quartz resonator of 150MHz of examples 
(n= 1), and resonance point change to each polymerization time amount (50MHz (fundamental wave), 
150MHz (3 time wave), and 250MHz (5 time wave)) was measured. The result of frequency change of as 
opposed to film weight for the result of the frequency change to polymerization time amount is shown in 
drawing 3 at drawing 2 . The mass sensibility in each mode was computed from the inverse number of the 
inclination in the proportional part of the frequency change to film weight by the fundamental wave of 
drawing 3 , the 3 time wave, and the 5 time wave, and it was shown in Table 1. Mass sensibility is 
similarly computed in the following examples of an experiment. As shown also in Table 1, in 
fundamental-wave mode, it turns out 5.144 pg/Hz and that it has the mass sensibility of 0.755 pg/Hz in 



wave mode 0.893 pg/Hz and 5 times in wave mode 3 times. 

[0016] Change of the resonance point to film polymerization time amount (33MHz (fundamental wave), 
100-/Hz (3 time wave), and 167MHz (5 time wave)) was measured like the example 1 except having 
changed the 50MHz (n= l) quartz resonator into the 100MHz (n= 3) quartz resonator in example 2 
example 1. The result of frequency change of as opposed to film weight for the result of the frequency 
change to polymerization time amount is shown in drawing 5 at drawing 4 . As shown also in Table 1, in 
fundamental-wave mode, it turns out 19.538pgMHz(es) and that it has the mass sensibility of 2.053 
pg/Hz in wave mode 4.209 pg/Hz and 5 times in wave mode 3 times. 

[0017] Change of the resonance point to film polymerization time amount (20MHz (fundamental wave), 
60MHz (3 time wave), and 100MHz (5 time wave)) was measured like the example 1 except having 
changed the 50MHz Xn= l) quartz resonator into the 100MHz (n= 5) quartz resonator in example 3 
example 1. The result of frequency change of as opposed to film weight for the result of the frequency 
change to polymerization time amount is shown in drawing 7 at drawing 6 . As shown also in Table 1, in 
fundamental- wave mode, it turns out 78.152 pg/Hz and that it has the mass sensibility of 9.674 pg/Hz in 
wave mode 17.744 pg/Hz and 5 times in wave mode 3 times. 

[0018] In example 4 example 1, the 50MHz (n= l) quartz resonator was changed into the 50MHz 
(surface mount mold component' SMD) quartz resonator, film attachment of 0 - 45 minutes was 
performed, and change of the resonance point to film polymerization time amount (50MHz (fundamental 
wave) and 150MHz (3 time wave)) was measured. The result of frequency change of as opposed to film 
weight for the result of the frequency change to polymerization time amount is shown in drawing 9 at 
drawing 8 . As shown also in Table 1, in fundamental-wave mode, it turns out 7.050 pg/Hz and that it has 
the mass sensibility of 1.035 pg/Hz in wave mode 3 times. 

[0019] In example 5 example 1, the 50MHz (n= l) quartz resonator was changed into the 155MHz (SMD) 
quartz resonator, film attachment of 0 ■ 30 minutes was performed, and change of the resonance point to 
film polymerization time amount (155MHz (fundamental wave) and 465MHz (3 time wave)) was 
measured. The result of frequency change of as opposed to film weight for the result of the frequency 
change about polymerization time amount is shown in drawing 11 at drawing 10 . It is clear to have the 
mass sensibility of 0.004 pg/Hz in wave mode 0.036 pg/Hz and 3 times in fundamental-wave mode, as 
shown in Table 1. 
[0020] 

[Effect of the Invention] Invention concerning claim 1 of this application can improve the sensitometry 
and precision of super-minute amount mass by leaps and bounds by using the harmonic overtone of the 
quartz resonator which has remarkable high fundamental frequency compared with the conventional 
vibrator, and this quartz resonator. Moreover, the resonance point change to mass addition of the above 
mentioned can be strictly measured by detecting change of a series resonance point using an impedance 
analyzer. Moreover, invention concerning claim 2 can proofread such detection equipment correctly and 
easily. 

[0021] Thus, as a result of it came being able to perform highly precise measurement of the super-minute 
amount weight which adhered on the quartz resonator, and proofreading, conventionally, the quartz 
resonator which has measured only the mass of ng (ten to 9 g) can measure now correctly the mass of a 
super-minute amount of fg (ten to 15 g) from pg (ten to 12 g), and simple sensing of the environmental 
hormone by the quartz resonator made conventionally difficult or dioxin of this invention becomes 



possible. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a block diagram at the time of measuring change of the series resonance point of ** with 
impedance measurement equipment in this invention. 

[Drawing 21 In this invention, it is the graph which shows the frequency change to the polymerization 
time amount of the plasma polymerization styrene film of a 50MHz (n= l) quartz resonator. 
[Drawing 3l It is the graph which shows the frequency change to the plasma polymerization styrene film 
weight of the 50MHz (n= l) quartz resonator of ****. 

[Drawing 4l It is the graph which shows the frequency change to the polymerization time amount of the 
plasma polymerization styrene film of the 100MHz (n= 3) quartz resonator of ****. 

[Drawing 51 It is the graph which shows the frequency change to the plasma polymerization styrene film 
weight of the 100MHz (n= 3) quartz resonator of ****. 

[Drawing 6l It is the graph which shows the frequency change to the polymerization time amount of the 
plasma polymerization styrene film of the 100MHz (n= 5) quartz resonator of****. 

[Drawing 7l It is the graph which shows the frequency change to the plasma polymerization styrene film 
weight of the 100MHz (n= 5) quartz resonator of****. 

[Drawing 81 It is the graph which shows the frequency change to the polymerization time amount of the 
plasma polymerization styrene film of the 50MHz (SMD) quartz resonator of ****. 

[Drawing 91 It is the graph which shows the frequency change to the plasma polymerization styrene film 
weight of the 50MHz (SMD) quartz resonator of ****. 

[Drawing 101 It is the graph which shows the frequency change to the polymerization time amount of the 
plasma polymerization styrene film of the 155MHz (SMD) quartz resonator of ****. 

[Drawing 111 It is the graph which shows the frequency change to the plasma polymerization styrene film 
weight of the 155MHz (SMD) quartz resonator of ****. 
[Table l] 
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PURPOSE: To provide a method for determining the 
quantity of chemical substance in a short time, an 
enzyme sensor being employed therein, and production 
thereof. 

CONSTITUTION: A crystal oscillator fixed with the 
urease of a urine sensor 42 has a terminal 44 connected 
with an oscillation circuit 46. The oscillation circuit 46 is 
connected with a generatoKpower supply) 48. The 
oscillation circuit 46 has an output terminal connected 
with a frequency counter 50 which is connected with a 
computer 52. The urine sensor 42 is immersed into 
phosphoric acid butter 56 of pH 7.2 filled in a beaker 54. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision 



http://www19.ipdljpo.gojp/PA1/result/detail/main/wAAAOmayWZDA407043284... 2004/03/22 



Searching PAJ 



2/2 ^— V 



of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://vmw19Jpdljpo.gojp/PA1/result/detail/main/wAAAOmayWZDA407043284... 2004/03/22 



[JP,07-043284,A] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The quantum approach of the amount of chemicals characterized by carrying out the quantum 
of the amount of chemicals by fixing an enzyme to a quartz resonator and comparing with the oscillation 
frequency of said quartz resonator when this amount of chemicals has not adhered the oscillation 
frequency at the time of making this amount of chemicals adhere to the front face of said quartz resonator 
by the enzyme reaction into which this enzyme decomposes the specific amount of chemicals, respectively. 
[Claim 2] The oscillation frequency at the time of making this amount of chemicals adhere to the front 
face of said surface acoustic wave device by the enzyme reaction into which an enzyme is fixed to a 
surface acoustic wave device, and this enzyme decomposes the specific amount of chemicals, [ whether the 
oscillation frequency of said surface acoustic wave device when this amount of chemicals has not adhered 
is compared, and ] Or the quantum approach of the amount of chemicals characterized by carrying out the 
quantum of the amount of chemicals by comparing resonance frequency when this amount of chemicals 
makes it adhere to the front face of said surface acoustic wave device with the resonance frequency of said 
surface acoustic wave device when this amount of chemicals has not adhered. 

[Claim 3] The quantum approach of the amount of chemicals which is characterized by using the covalent 
bond of said enzyme and glutaraldehyde in the quantum approach of the amount of chemicals according 
to claim 1 or 2 in fixing said enzyme to said quartz resonator or said surface acoustic wave device. 
[Claim 4] The quantum approach of the amount of chemicals which is characterized by using the specific 
binding reaction of avidin and a biotin in the quantum approach of the amount of chemicals according to 
claim 1 or 2 in fixing said enzyme to said quartz resonator or said surface acoustic wave device. 
[Claim 5] The quantum approach of the amount of chemicals which is characterized by using the specific 
binding reaction of streptoavidin and a biotin in the quantum approach of the amount of chemicals 
according to claim 1 or 2 in fixing said enzyme to said quartz resonator or said surface acoustic wave 
device. 

[Claim 6] The quantum approach of the amount of chemicals characterized by making said enzyme into 
an urease and carrying out the quantum of the amount of ureas in the quantum approach of the amount 
of chemicals according to claim 1 or 2. 

[Claim 7] The enzyme sensor characterized by coming to fix an enzyme to a quartz resonator. 

[Claim 8] The enzyme sensor characterized by coming to fix an enzyme to a surface acoustic wave device. 

[Claim 9] The enzyme sensor characterized by performing immobilization with said enzyme and said 



quartz resonator, or said surface acoustic wave device using the covalent bond of said enzyme and 
glutaraldehyde in an enzyme sensor according to claim 7 or 8. 

[Claim 10] The enzyme sensor characterized by performing immobilization with said enzyme and said 
quartz resonator, or said surface acoustic wave device using the specific binding reaction of avidin and a 
biotin in an enzyme sensor according to claim 7 or 8. 

[Claim 11] The enzyme sensor characterized by using the specific binding reaction of strep toavidin and a 
biotin for immobilization with said enzyme and said quartz resonator, or said surface acoustic wave 
device in an enzyme sensor according to claim 7 or 8. 

[Claim 12] The enzyme sensor characterized by making said enzyme into an urease in an enzyme sensor 
according to claim 7 or 8. 

[Claim 13] The manufacture approach of the enzyme sensor which is characterized by performing 
immobilization with said enzyme and said quartz resonator, or said surface acoustic wave device using 
the covalent bond of said enzyme and glutaraldehyde in manufacturing an enzyme sensor according to 
claim 7 or 8. 

[Claim 14] The manufacture approach of the enzyme sensor which is characterized by performing 
immobilization with said enzyme and said quartz resonator, or said surface acoustic wave device using 
the specific binding reaction of avidin and a biotin in manufacturing an enzyme sensor according to claim 
7 or 8. 

[Claim 15] The manufacture approach of the enzyme sensor which is characterized by performing 
immobilization with said enzyme and said quartz resonator, or said surface acoustic wave device using 
the specific binding reaction of streptoavidin and a biotin in manufacturing an enzyme sensor according 
to claim 7 or 8. 

[Claim 16] The manufacture approach of the enzyme sensor characterized by making said enzyme into an 
urease in the manufacture approach of an enzyme sensor according to claim 13, 14, or 15. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the enzyme sensor which uses the quantum approach of 

the amount of chemicals, and this, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, in the medical field, the chemical sensor which carries out 
the quantum of the organic substance alternatively is demanded. For example, in a clinical laboratory 
test, the quantitative analysis of a patient's **** and the urea in body fluid is important, when diagnosing 
a kidney function. Moreover, in case artificial dialysis is given to the patient of chronic renal failure, also 
when giving the count of artificial dialysis, and the standard of dialysis time amount and performing 
planned artificial dialysis, the quantitative analysis of a urea is indispensable. 

[0003] Until now, according to reference 1- "the volume biosensors and for Shuichi Suzuki and Kodansha 
scientific ** (1984)", the attempt using the molecular recognition function which excelled [ function part / 
of a chemical sensor / recognition ] in the enzyme is made, for example. The enzyme sensor which changes 
and carries out the quantum of the matter fluctuated when an enzyme recognizes the specific amount of 
chemicals (it is also hereafter called a substrate) and carries out the catalyst of the specific reaction to the 
amount of chemicals to an electrical signal with an oxygen electrode, a hydrogen peroxide electrode, a 
hydrogen electrode, an ammonia electrode, the carbon dioxide electrode, an ion- selective FET electrode, 
etc. is proposed. 

[0004] As an example of the conventional enzyme sensor, an urea sensor is briefly explained with 
reference to a drawing. Drawing 9 is a sectional view with which explanation of the conventional urea 
sensor is presented. This urea sensor is NH4+ which carried out decomposition generation from the urea 
by the urease 28 fixed to the porous glass film 12. The quantum is changed and carried out to the 
electrical signal with the silver-silver chloride electrode 24 through the ammonia permselective 
membrane 26. 
[0005] 

[Problem(s) to be Solved by the Invention] However, for example, in the urea sensor mentioned above, it 
was the structure which reaches an electrode (silver- silver chloride electrode) first after spreading a 
substrate (in this case, urea) in the enzyme fixed film and diffusing the film (ammonia permselective 
membrane) with which the product (NH4+) by the enzyme reaction of a there penetrates that product 
alternatively further. For this reason, there was a fault of requiring time amount until the electrical 



signal outputted from an urea sensor became constant value, after starting measurement. 
[0006] For this reason, the artificer concerning this application noted that the oscillation frequency of a 
quartz resonator, the oscillation frequency of a surface acoustic wave device, or resonance frequency 
decreased in proportion to the mass of the matter adhering to these quartz resonators or a surface 
acoustic wave device, as a result of repeating various examination. (A quartz resonator and a surface 
acoustic wave device are hereafter called vibrator collectively.) Moreover, an oscillation frequency and 
resonance frequency are collectively called vibration frequency. Such a phenomenon is indicated by 
reference I: "living thing physics, vol.28, No.6 (1988)." According to the reference I, it is shown by by using 
a bimolecular membrane covering quartz resonator that sensing of the smell matter and the bitterness 
matter is possible. 

[0007] Then, this artificer found out the approach of carrying out the quantum of the amount of a 
substrate, without passing through a diffusion process by fixing an enzyme to vibrator and detecting 
change of the vibration frequency of this vibrator, as a result of repeating various experiments and 
examination further. 

[0008] The 1st purpose which this invention is made in view of such a point, therefore starts this 
application is to offer the quantum approach of the amount of chemicals which can carry out the quantum 
of the amount of the amount of chemicals in a short time. Moreover, the 2nd purpose concerning this 
application is to offer the enzyme sensor used for the quantum approach of the amount of chemicals of the 
1st purpose. Moreover, the 3rd purpose of this invention is to offer the manufacture approach of the 
enzyme sensor of the 2nd purpose. 
[0009] 

[Means for Solving the Problem] In order to aim at achievement of this purpose, according to the 
quantum approach of the amount of chemicals this invention, it is characterized by carrying out the 
quantum of the amount of chemicals by fixing an enzyme to a quartz resonator and comparing with the 
oscillation frequency of a quartz resonator when the amount of chemicals has not adhered the oscillation 
frequency at the time of making the amount of chemicals adhere on the surface of a quartz resonator by 
the enzyme reaction into which this enzyme decomposes the specific amount of chemicals, respectively. 
[0010] Moreover, the oscillation frequency at the time of making the amount of chemicals adhere on the 
surface of a surface acoustic wave device by the enzyme reaction into which an enzyme is fixed to a 
surface acoustic wave device, and this enzyme decomposes the specific amount of chemicals according to 
the quantum approach of the amount of chemicals this invention, [ whether the oscillation frequency of a 
surface acoustic wave device when the amount of chemicals has not adhered is compared, and ] Or it is 
characterized by carrying out the quantum of the amount of chemicals by comparing resonance frequency 
when the amount of chemicals makes it adhere to the front face of said surface acoustic wave device with 
the resonance frequency of a surface acoustic wave device when the amount of chemicals has not adhered. 
[0011] Moreover, in fixing an enzyme to a quartz resonator or a surface acoustic wave device in enforcing 
the quantum approach of the amount of chemicals this invention, it is desirable to use the covalent bond 
of an enzyme and glutar aldehyde. 

[0012] Moreover, in fixing an enzyme to a quartz resonator or a surface acoustic wave device in enforcing 
the quantum approach of the amount of chemicals this invention, it is desirable to use the specific binding 
reaction of avidin and a biotin. 

[0013] Moreover, in fixing an enzyme to a quartz resonator or a surface acoustic wave device in enforcing 



the quantum approach of the amount of chemicals this invention, it is desirable to use the specific binding 
reaction of streptoavidin and a biotin. 

[0014] Moreover, the quantum approach of the amount of chemicals this invention uses and is suitable to 
make an enzyme into an urease and carry out the quantum of the amount of ureas. 

[0015] Moreover, according to the enzyme sensor of this invention, it is characterized by coming to fix an 
enzyme to a quartz resonator. 

[0016] Moreover, according to the enzyme sensor of this invention, it is characterized by coming to fix an 
enzyme to a surface acoustic wave device. 

[0017] Moreover, it is desirable to perform immobilization with an enzyme, a quartz resonator, or a 
surface acoustic wave device in operation of the enzyme sensor of this invention using the covalent bond 
of an enzyme and glutar aldehyde. 

[0018] Moreover, it is desirable to use the specific binding reaction of avidin and a biotin for 
immobilization with an enzyme, a quartz resonator, or a surface acoustic wave device in operation of the 
enzyme sensor of this invention. 

[0019] Moreover, it is desirable to use the specific binding reaction of streptoavidin and a biotin for 
immobilization with an enzyme, a quartz resonator, or a surface acoustic wave device in operation of the 
enzyme sensor of this invention. 

[0020] Moreover, it is good to make an enzyme into an urease in operation of the enzyme sensor of this 
invention. 

[0021] Moreover, in manufacturing the enzyme sensor of this invention, it is desirable to perform 
immobilization with an enzyme, a quartz resonator, or a surface acoustic wave device using the covalent 
bond of an enzyme and glutar aldehyde. 

[0022] Moreover, in manufacturing the enzyme sensor of this invention, it is desirable to perform 
immobilization with an enzyme, a quartz resonator, or a surface acoustic wave device using the specific 
binding reaction of avidin and a biotin. 

[0023] Moreover, in manufacturing the enzyme sensor of this invention, it is desirable to perform 
immobilization with an enzyme, a quartz resonator, or a surface acoustic wave device using the specific 
binding reaction of streptoavidin and a biotin. 

[0024] Moreover, in enforcing the manufacture approach for the enzyme sensor of this invention, it is good 
to make an enzyme into an urease. 



[Function] According to this invention, the quantum of the amount of a chemical (substrate) can be 
carried out by fixing an enzyme in vibrator and detecting change of the vibration frequency of this 
vibrator, without passing through a diffusion process. 

[0026] The enzyme reaction which fixes an enzyme in vibrator and is shown in the following formula (l) 
and into which this enzyme disassembles a specific chemical (substrate) [0027] 



[0025] 



[Formula l] 

ki 



k2 




[0028] (However, E, S, ES, and P are the enzymes, the chemicals (substrate), enzyme substrate complexes, 



and products of isolation respectively.) Moreover, kl, k-1, and k2 It is the rate constant of ES to the 
generation reaction of an ES complex, the dissociative reaction, and a product, respectively. Make an 
enzyme-substrate complex generate, this chemical is made to adhere to vibrator, and it is characterized 
by carrying out the quantum of the chemical from change of the vibration frequency of the vibrator by 
adhesion of this chemical. If the coating weight of the chemical to vibrator becomes constant value when 
the enzyme reaction shown in the above-mentioned formula (l) will be in a steady state, without passing 
through the immobilization which the product by the chemical and enzyme reaction which carry out a 
quantum diffuses according to this approach, the quantum of the amount of chemicals can be carried out 
from vibration frequency change of the vibrator in that time. 

[0029] Moreover, since the covalent bond of an enzyme and a glutaraldehyde, the specific binding reaction 
of avidin and a bio tin, or the specific binding reaction of strep toavidin and a bio tin is used [ according to 
the manufacture approach of the enzyme sensor this invention ] in fixing an enzyme to a quartz resonator, 
an enzyme is firmly combinable to a quartz resonator. 
[0030] 

[Example] Hereafter, with reference to a drawing, the example of the enzyme sensor used for it and its 
manufacture approach is collectively explained to the quantum approach list of the amount of chemicals 
of this invention. In addition, it does not pass over numerical conditions, such as the material of 
construction used in the following examples and its amount, the processing time, and processing 
temperature, for a suitable example, therefore this invention of be [ it / what is limited to these 
conditions ] is clear. 

[0031] The 1st example of the 1st example explains the urea sensor using the quantum approach and this 
and its manufacture approach of the amount of ureas which comes to fix an urease to a quartz resonator 
as an enzyme as an example of the enzyme sensor which uses the quantum approach of the amount of 
chemicals this invention, and this, and its manufacture approach. 

[0032] The so-called AT cut quartz resonator is suitable for the quartz resonator used in the 1st example. 
It is because the measurement error according to the difference in the temperature at the time of the 
quantum of the amount of chemicals since the frequency drift to 1. temper ature change is small by using 
an AT cut quartz resonator is for being generated, and carries out things and 2. thickness slip vibration, 
so the advantage that the frequency drift to the amount coating weight of chemicals is remarkable is 
acquired. 

[0033] Manufacture of a urea FET sensor (the l) 

(A) - (C) of drawing 1 is process drawing with which explanation of the urea sensor of the 1st example and 
its manufacture approach is presented. In each drawing, it is illustrating about one enzyme typically. 
[0034] First, how to fix an urease 40 to the front face of a quartz resonator 30 as an enzyme through a 
GURATARU aldehyde is described. 

[0035] First, a quartz resonator is processed by the silane coupling agent, and the amino group is formed 
in a front face. In this example, it is immersed in this 1 volume % water solution at a room temperature 
for 1 hour, using aminopropyl triethoxysilane (Chisso Corp. make) as a silane coupling agent. Then, a 
quartz resonator is washed by irradiating a 20kHz supersonic wave for 30 minutes in pure water, and 
excessive aminopropyl triethoxysilane is removed. Next, covalent bond is formed between aminopropyl 
triethoxysilane and the front face of a quartz resonator 30 by heat-treating a quartz resonator for 20 
minutes under the temperature of 110 degrees C ((A) of drawing 1 ). 



[0036] Next, covalent bond is formed between a glutaraldehyde and aminopropyl triethoxysilane by 
immersing this quartz resonator in the glutaraldehyde water solution of 1 volume % for 1 hour. Then, a 
quartz resonator 30 is washed by irradiating a 20kHz supersonic wave for 30 minutes in pure water, and 
an excessive glutaraldehyde is removed ((B) of drawing 1 ). 

[0037] Next, a quartz resonator is immersed for 2 hours into a phosphate buffer solution with a pH [7.2 ] 
of 100ml which contains lmg (product made from Funakoshi Pharmaceuticals) of ureases 40 for this 
quartz resonator 30. An urease 40 is fixed to a quartz resonator 30 through a glutaraldehyde in the 
meantime. An unreacted urease is removed by washing with the phosphate buffer solution of pH7.2 ((C) 
of drawing 1 ). 

[0038] Manufacture of an urea sensor (the 2) 

(A) - (C) of drawing 2 is process drawing with which explanation of the urea sensor of the 1st example and 
its manufacture approach is presented. In each drawing, it is illustrating about one enzyme typically. 
[0039] Next, how to fix an urease 40 to the front face of a quartz resonator 30 as an enzyme through 
avidin and a biotin is described. 

[0040] First, a quartz resonator 30 is processed by the silane coupling agent, and the amino group is 
formed in a front face. In this example, it is immersed in this 1 volume % water solution at a room 
temperature for 1 hour, using aminopropyl triethoxysilane (Chisso Corp. make) as a silane coupling agent. 
Then, a quartz resonator 30 is washed by irradiating a 20kHz supersonic wave for 30 minutes in pure 
water, and excessive aminopropyl triethoxysilane is removed. Next, covalent bond is formed between 
aminopropyl triethoxysilane and the front face of a quartz resonator 30 by heat-treating a quartz 
resonator 30 for 20 minutes under the temperature of 110 degrees C ((A) of drawing 1 ). 
[0041] Next, in order to combine a biotin 34 with this quartz resonator 30, covalent bond is formed 
between the biotin long arm 36 and aminopropyl triethoxysilane by immersing this quartz resonator in 
the heavy carbonic acid buffer solution of pH8.0 containing the NHS-LC biotin (trade name) (it is also 
called a biotin long arm the product made from Funakoshi Pharmaceuticals, and the following) 36 with a 
concentration of O.lmg [/ml ]. Then, a quartz resonator 10 is washed by irradiating a 20kHz supersonic 
wave for 30 minutes in pure water, and an excessive biotin long arm is removed ((B) of drawing 1 ). 
[0042] Next, a quartz resonator 30 is immersed for 2 hours using the approach of Vernon (Vernon) 
indicated by reference III: "THE journal OBU eel biology (TheJournal of Cell Biology) Vol.93, pp.981-986 
(1982)" into a phosphate buffer solution with a pH [ containing lmg of ureases 40 which combined avidin 
D(trade name) (product made from Funakoshi Pharmaceuticals) 38 as avidin 38 11.2 ] of 100ml. A biotin 
34 and avidin 38 carry out a specific binding reaction in the meantime. An unreacted urease is removed 
by washing with the phosphate buffer solution of pH7.2 ((C) of drawing 1 ). 

[0043] Through the above process, the urease 40 was fixed to the front face of a quartz resonator 30, and 
the urea sensor was manufactured. In addition, the same effectiveness is acquired, even if the approach of 
immobilization of an urease 40 is not restricted to these and it uses the specific binding of streptoavidin 
and a biotin. 

[0044] It measured as follows about the property of an urea sensor, next the response characteristic of the 
urea sensor which comes to fix an urease 40 to a quartz resonator 30 as an enzyme through a 
glutaraldehyde. 

[0045] Drawing 3 is the block diagram having shown the system used for measurement of the response 
characteristic of the urea sensor of the 1st example. The terminal 44 of the quartz resonator 30 which 



fixed the urease of an urea sensor 42 is connected with the oscillator circuit 46. The oscillator circuit 46 is 
connected with the generator (power source) 48. Moreover, the outgoing end of 46 of an oscillator circuit is 
connected also with the frequency counter 50, and this frequency counter 50 is connected with the 
computer 52. It is immersed in distilled water 56 in a beaker 54 by the urea sensor 42. 
[0046] In the condition that this urea sensor 42 was immersed in the phosphate buffer solution 56 of 
pH7.2, it is specified quantity ****** about a urea to this phosphate buffer solution. And after adding a 
urea into a phosphate buffer solution, the oscillation frequency (vibration frequency) of the quartz 
resonator after 5-minute progress is measured. And it asked for the vibration frequency change by 
reducing the vibration frequency before adding a urea from this vibration frequency. It is because 
vibration frequency was fully stabilized as it is such elapsed time so that it might mention later having 
measured vibration frequency after the 5-minute progress which added the urea into the phosphate 
buffer solution. 

[0047] Drawing 4 is the property Fig. of an urea sensor measured by the system of measurement 
mentioned above. The axis of abscissa of the graph of drawing 4 shows the amount of ureas (g/ml) applied 
to a phosphate buffer solution, and the axis of ordinate shows vibration frequency change (Hz) of the 
vibrator of an urea sensor. The straight line I in a graph connects what plotted both, it turns out with the 
increment in the amount of ureas that the vibration frequency of vibrator decreases at a rate of about 1 
law so that clearly from the graph of drawing 4 . Moreover, change of such vibration frequency was not 
seen at all to other amounts of chemicals, such as a glucose. Therefore, it turned out that property with 
the urea sensor of this example sufficient as an urea sensor is acquired. 

[0048] Next, the graph of the measurement result of aging of the output signal at the time of the urea 
sensor of the 1st example and the urea sensor of the example of a comparison being immersed in the 
phosphate buffer solution containing the ten to 3 g/ml amount of ureas at drawing 5 , respectively is 
shown. The axis of abscissa of a graph shows the elapsed time (minute) from measurement initiation, and 
as an output signal, an axis of ordinate sets variation of an oscillation frequency and output potential to 
100, and shows the variation in each saturation state for it by the relative value. The curve II in a graph 
shows aging of the oscillation frequency of the urea sensor of the 1st example, and the curve III in a graph 
shows aging of the output voltage of the urea sensor explained in the conventional example as an example 
of a comparison. In the urea sensor of the 1st example, the variation of a frequency reached the saturation 
value mostly within 1 minute to having required for the urea sensor of the example of a comparison for 
about 20 minutes that the variation of output voltage reaches a saturation value so that clearly from the 
graph of drawing 5 . Thus, the urea sensor which is an example of the enzyme sensor using the quantum 
approach of the amount of chemicals this invention and it showed that the quantum of the amount of the 
amount of chemicals could be carried out in a short time. 

[0049] Moreover, the variation of a frequency reached the saturation value mostly within 1 minute 
similarly [ in the urea sensor which fixed and manufactured the urease using the specific binding of 
streptoavidin and a biotin / that a glutaraldehyde was used ]. 

[0050] The 2nd example of the 2nd example explains the urea sensor using the quantum approach and 
this and its manufacture approach of the amount of ureas which comes to fix an urease to a surface 
acoustic wave device as an enzyme as an example of the enzyme sensor which uses the quantum approach 
of the amount of chemicals this invention, and this, and its manufacture approach. 

[0051] In the 2nd example of manufacture of an urea sensor, an urease is combined with a surface 



acoustic wave device instead of a quartz resonator using the same approach as the 1st example. 
[0052] It measured as follows about the response characteristic of an urea sensor, next the response 
characteristic of the urea sensor 60 which combined the urease 40 with the surface acoustic wave device 
70 through the glutar aldehyde. 

[0053] Drawing 6 is the block diagram having shown the system used for measurement of the response 
characteristic of the urea sensor of the 2nd example. This urea sensor 60 is connected with amplifier 62 
and 64. A frequency counter (not shown) is connected between amplifier 62 and 64, and an oscillation 
frequency is measured. It is immersed by the urea sensor 60 into the phosphate buffer solution 68 of 
pH7.2 in a tank 66. In the 2nd example, the urease 40 is combined using what formed 1st and 2nd tolan 
DEYUSA 74 and 76 on ST cut quartz plate 72 as a surface acoustic wave device 70 on these tolan 
DEYUSA 74 and the quartz plate 72 between 76. 

[0054] It is specified quantity ****** about a urea in this phosphate buffer solution 68 in the condition 
that the urea sensor 60 was immersed in the phosphate buffer solution 68 in this example. And after 
adding a urea into a phosphate buffer solution, the oscillation frequency of the urea sensor after 5-minute 
progress is measured. It is because the oscillation frequency of a surface acoustic wave device was fully 
stabilized [ that such elapsed time measured the oscillation frequency after 5 minute progress after 
adding a urea into a solution, and ]. 

[0055] Next, the measurement result of the response characteristic of an urea sensor is shown in drawing 
7 . The axis of abscissa of the graph of drawing 7 shows the urea concentration in a solution (g/ml), and 
the axis of ordinate shows oscillation frequency (it is also hereafter called vibration frequency) change 
(kHz) of an urea sensor. The straight line IV in a graph connects the plot of the vibration frequency 
change in each measurement urea concentration of the urea sensor of this example manufactured by the 
approach mentioned above. It turns out with the increment in the amount of ureas that vibration 
frequency decreases at a fixed rate so that clearly from the graph of drawing 7 . Moreover, this urea 
sensor did not have a response in an oscillation frequency to the amounts of chemicals other than ureas, 
such as a glucose. Therefore, it has been checked that property sufficient as an urea sensor in this 
example had been acquired. 

[0056] Next, the measurement result of aging of the output signal at the time of the urea sensor of the 
2nd example and the urea sensor of the example of a comparison being immersed in the phosphate buffer 
solution containing the ten to 3 g/ml amount of ureas at drawing 8 , respectively is shown. The axis of 
abscissa of a graph shows the elapsed time (minute) from measurement initiation, and an axis of ordinate 
sets variation of an oscillation frequency and output potential to 100, and shows the variation in each 
saturation state for it by the reliative value. The curve V in a graph shows aging of the oscillation 
frequency of the urea sensor of the 2nd example, and the curve III in a graph shows aging of the output 
voltage of the urea sensor explained in the conventional example as an example of a comparison. In the 
urea sensor of the 2nd example, the variation of an oscillation frequency reached the saturation value 
mostly within 1 minute to having required for the urea sensor of the example of a comparison for about 20 
minutes that the variation of output voltage reaches a saturation value so that clearly from the graph of 
drawing 5 . Thus, it has checked that the quantum of the amount of the amount of chemicals could be 
carried out in a short time by the urea sensor which is an example of the enzyme sensor using the 
quantum approach of the amount of chemicals this -invention, and it. 

[0057] Moreover, the variation of an oscillation frequency reached the saturation value mostly within 1 



minute similarly [ in the urea sensor which fixed and manufactured the urease using the specific binding 
of strep toavidin and a biotin / that a glutaraldehyde was used ]. 

[0058] Moreover, although the oscillation frequency of a surface acoustic wave device was measured as an 
output signal of an urea sensor in the 2nd example mentioned above, the resonance frequency of a surface 
acoustic wave device may be measured in this invention. 
[0059] 

[Effect of the Invention] According to this invention, fix an enzyme to vibrator, an enzyme- substrate 
complex is made to adhere to vibrator by the enzyme reaction, and change of the vibration frequency of 
this vibrator according to this coating weight is detected. For this reason, if the coating weight of the 
amount of chemicals to vibrator becomes constant value when an enzyme reaction will be in a steady 
state, without passing through the process which the product by the amount of chemicals and enzyme 
reaction which carry out a quantum diffuses, the quantum of the amount of chemicals can be carried out 
from vibration frequency change of the vibrator in that time. Consequently, as compared with the 
quantum approach of the conventional amount of chemicals, a quantum can be carried out by short time 
amount. 

[0060] Moreover, since the covalent bond of an enzyme and a glutaraldehyde, the specific binding reaction 
of avidin and a biotin, or the specific binding reaction of streptoavidin and a biotin is used [ according to 
the manufacture approach of the enzyme sensor this invention ] in fixing an enzyme to a quartz resonator, 
an enzyme is firmly combinable to a quartz resonator. 

[0061] Moreover, this invention uses and is suitable for the quantum of for example, the amount of ureas. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll (A) - (C) is process drawing with which explanation of the urea sensor of the 1st example and 
its manufacture approach is presented. 

[Drawing 2l (A) " (C) is process drawing with which explanation of the urea sensor of the 2nd example and 
its manufacture approach is presented. 

[Drawing 31 It is the block diagram having shown the system used for measurement of the response 
characteristic of the urea sensor of the 1st example. 

fDrawing 4l It is the graph which shows the measurement result of the response characteristic of the urea 
sensor of the 1st example. 

fDrawing 51 It is the graph which shows the measurement result of aging of the output signal of the urea 
sensor of the 1st example, and the urea sensor of the example of a comparison. 

fDrawing 61 It is the block diagram having shown the system used for measurement of the response 
characteristic of the urea sensor of the 2nd example. 

fDrawing 71 It is the graph which shows the measurement result of the response characteristic of the urea 
sensor of the 2nd example. 

fDrawing 81 It is the graph which shows the measurement result of aging of the output signal of the urea 
sensor of the 2nd example, and the urea sensor of the example of a comparison. 

fDrawing 9l It is the sectional view with which explanation of the conventional urea sensor is presented. 

[Description of Notations] 

12: Porous glass film 14: Urease 

24: Silver- silver chloride electrode 

26: Ammonia permselective membrane 

28: Urea 30: Quartz resonator 

34: Biotin 

36: Biotin long arm 38: Avidin 
40: Urease 

42: Urea FET sensor 44: Terminal 
46: Oscillator circuit 48: Generator 
50: Frequency counter 52: Computer 
54*- Beaker 56: Phosphate buffer solution 
60: Urea sensor 62: Amplifier 



64: Amplifier 66: Tank 

68: Phosphate buffer solution 

70: Surface acoustic wave device 72: Quartz plate 

74: Transducer 

76: Transducer 



[Translation done.] 
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